The complementary feeding period (6-24 months) is a window of opportunity for preventing stunting, wasting, overweight, and obesity and for improving long-term development and health.
beverages high in fat, sugar, and salt by infants and young children. The commission also advised to provide clear guidance to parents to avoid sugar-sweetened milks, fruit juices, and energy-dense, nutrient-poor foods. The problem with promotion of unhealthy commercial snack foods in low-and middle-income countries has been described in several papers (Pries et al., 2016a; Pries et al., 2016b; Vitta et al., 2016) . In this paper, the emerging evidence for an association between high intake of protein and sugar-containing beverages during the complementary feeding period and later obesity is described. Detailed guiding principles for complementary feeding for breastfed infants were published in 2003 (Dewey, 2003) and for nonbreastfed infants in 2005 (World Health Organization, 2005 . These guiding principles have had an important impact on policies in many countries, especially in low-and middle-income countries. Since these guiding principles were published, there has been increasing focus on nutrition and growth during the complementary feeding period, and many new studies and reviews have increased our understanding of the relationships among complementary feeding, growth, development, and long-term health. The aim of this paper is to highlight and comment on some of the emerging issues in complementary feeding. Some of these are likely to influence recommendations and guidelines on complementary feeding in the future.
| DIETARY QUALITY

| Protein
In the guiding principles for the nonbreastfed infant, there is focus on the importance of protein quality because the infant is not getting the high-quality protein from breastmilk (World Health Organization, 2005) . It is stated that if animal-source foods are not eaten in adequate amounts, both grains and legumes should be consumed daily, if possible within the same meal, to ensure adequate protein quality.
There has recently been increasing interest in protein quality in relation to growth, which is also of relevance for complementary feeding in populations with high risk of stunting. In a study from Malawi, children who were stunted had lower plasma levels of all essential amino acids compared to nonstunted children (Semba et al., 2016) . The authors suggest that children at risk of stunting may not be receiving sufficient amounts of essential amino acids. There is consensus that dairy protein has a strong effect on growth (Hoppe, Mølgaard, & Michaelsen, 2006) .
The effect of meat on growth has been examined in several settings in low-and middle-income settings, but only a modest effect was found (Krebs et al., 2012; Tang, Sheng, Krebs, & Hambidge, 2014) . The reason could be that dairy protein has a stronger effect on insulin-like growth factor 1, which plays an important role in child growth, compared to protein from meat (Hoppe, Mølgaard, Juul, & Michaelsen, 2004) .
| Alternative and underutilized animal source foods
Animal source foods are important during the complementary feeding period, especially if the infant is not being breastfed or receiving only small amounts of breast milk. Because traditional animal source foods such as meat and milk are not always available and affordable, there has been increased focus on alternative and underutilized animalsource foods during the last decade. These include small fish, eggs, offals, blood, rodents, and insects (Kuyper, Vitta, & Dewey, 2013; Michaelsen et al., 2009) . Cultural acceptability, opportunity costs, and nutritional and environmental impacts as well as potential hygienic and toxin risks should be examined for these novel sources (Kuyper et al., 2013) . Small dried fish, which can be powdered and used in complementary foods, is one of the most affordable animal-source foods, which in addition to animal protein, also provides n-3 fatty acids, vitamin A, calcium, iron, and zinc. (Roos, Wahab, Chamnan, & Thilsted, 2007) . Another promising and well-documented valuable source of animal protein is eggs, which in many resource-poor settings, are affordable and available but underutilized-often because of cultural reasons (Iannotti, Lutter, Bunn, & Stewart, 2014) . In addition to highquality animal protein, they contain essential fatty acids, choline, vitamins A and B12, and selenium.
| Early protein intake and later obesity
There is increasing evidence that a high-protein intake during the first 2 years of life results in an increased risk of later obesity (Hörnell, Lagström, Lande, & Thorsdottir, 2013; Michaelsen & Greer, 2014; Voortman et al., 2016; Pimpin, Jebb, Johnson, Wardle, & Ambrosini, 2016; Michaelsen, Larnkjaer, & Mølgaard, 2012) . Most of the available studies are observational, but one large randomized study showed that infants receiving an infant formula with a high-protein content up to the age of 12 months had higher BMI at 1, 2, and 6 years and a higher risk of obesity at 6 years compared with an infant formula with lower protein content (Weber et al., 2014) . This study is relevant for complementary feeding as the intervention continued up to 12 months, and the protein content in the high-protein formula given from 4 months old was close to 80% of the content in cow's milk. In an observational cohort from Holland, a 10g higher protein intake at 12 months was
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• Composition of the diet during the complementary feeding period can influence body composition, gastrointestinal microbiota, and environmental enteric dysfunction, but there is a need for better evidence to translate this into recommendations. associated with a 0.05 SD higher BMI at 6 years, and the association was driven by a higher fat mass index at 6 years and not fat-free mass index (Voortman et al., 2016) . The average protein intake was 41.8 g/ day. Furthermore, the association was stronger for animal protein than protein from vegetable sources. In a large twin cohort from United Kingdom, a higher proportion of energy from protein, during the complementary feeding period (at age 21 months), was associated with greater increases in weight and BMI up to the age of 5 years (Pimpin et al., 2016) . In another cohort study from the UK, dietary intake was recorded at 8 months, and the infants were divided in four milk groups.
Those with an intake of cow's milk greater than 600 ml from milk intake had higher BMI up to the last examination at the age of 10 years compared to those being breastfed at 8 months (Hopkins, Steer, Northstone, & Emmett, 2015) .
These data suggest that a high intake of protein, especially dairy protein, during the complementary feeding period is associated with an increased risk of overweight and obesity later in childhood. It is a limitation that most of the studies are observational and, in a global perspective, that there are no studies from low-or middle-income countries. As a high intake of cow's milk during the complementary feeding period also increases the risk of iron deficiency anemia and limits the diversity of the diet, it is prudent to recommend against a high intake of cow's milk during the complementary feeding period.
There is not sufficient evidence to indicate an upper limit for protein and milk intake. It has been suggested that the protein intake should not be above 15% of energy up to the age of 2 years (Nordic Council of Ministers, 2012). According to the WHO/FAO/UNU recommendations from 2007, the safe level of protein intake is 11.6 g/day at the age of 1 year and 11.9 g at 2 years (World Health Organisation, Food and Agriculture Organization of the United Nations, & United Nations University, 2007) . This can be covered by 300-350 ml of cow's milk.
| Fat quality
Fat quality of complementary food is important, and there has recently been increasing focus on this topic (Briend, Dewey, & Reinhart, 2011; Vitta & Dewey, 2012) . The intake of long-chain-polyunsaturated fatty acids, especially n-3 and n-6, is important early in life. A low intake of n-3 fatty acids has negative effects on cognitive development and immune functions, and the balance between the intake of n-3 and n-6 fatty acids is important for immune function and growth (Lauritzen, Hansen, Jorgensen, & Michaelsen, 2001 ). Intake of n-3 fatty acids can be increased by increasing fish intake, and the kind of vegetable oil used in the diet is a key determinant of fatty acid status (Michaelsen et al., 2011) . Soy bean and rapeseed oil have a high content of n-3 fatty acids whereas the content in palm, sunflower, and peanut oils is low.
Thus, it is important to be aware of the type of oils used in foods for infants and young children. The type of oil used in complementary foods should be declared. There has been a tendency to only write "vegetable oil" in the list of ingredients.
During the last decade, there has been focus on the negative effects of trans fatty acids because it has adverse effects on blood lipids, promotes systemic inflammation and endothelial dysfunction, and increases the risk of coronary heart disease (Teegala, Willett, & Mozaffarian, 2009; Stender & Dyerberg, 2004) . Furthermore, more recent evidence also suggests that a high exposure to trans fatty acids early in life has negative effects on somatic development and increase inflammation (Mennitti, Oliveira, Morais, Estadella, & Oyama, 2015) .
Because trans fatty acids interfere with essential fatty acid metabolism, they are likely to have adverse effects on growth and development and thereby long-term health (Innis, 2006) . Because of this awareness and improved legislation, the use of trans fatty acids has decreased in many high-income countries. However, the consumption of trans fatty acids is high in some low-and middle-income countries especially because of the high content found in oils used in street foods and for deep frying (Gupta, Downs, Ghosh-Jerath, Lock, & Singh, 2016) . Although intake of trans fatty acids needs to be reduced for the general population, it is particularly important to avoid or keep the content of trans fatty acids as low as possible in complementary foods.
| Amount of fat and later obesity
A sufficient amount of fat in the diet during the complementary feeding period is important to provide a sufficient energy density of the diet. If the energy density is too low, the diet becomes too bulky and the infant cannot eat sufficient amounts. A fat energy percentage of the diet during the complementary feeding period between 30 and 45 has been suggested (Dewey & Brown, 2003) . There has been a concern that a high-fat intake is associated with an increased risk of later overweight and obesity. In adults, there is some evidence that a decrease in fat intake reduces BMI (Hooper et al., 2015) . However, there is increasing evidence that a high-fat intake during the complementary feeding period is not related to later obesity (Agostoni & Caroli, 2012) . Furthermore, one small observational study suggests that low-fat intake at 2 years can result in higher risk of obesity and leptin resistance at the age of 20 years (Rolland-Cachera et al., 2013) . Studies from Latin America have shown that early stunting is associated with later obesity (Uauy & Dangour, 2009; Uauy, Mize, & Castillo-Duran, 2000) , which is of interest regarding early fat intake, because a low-fat intake can result in undernutrition and stunting, due to inadequate energy density and low absorption of liposoluble vitamins.
A recent study from the UK compared macronutrient content of breast milk samples taken during the second month after birth (hind-milk only) with growth up to the age of 12 months (Prentice et al., 2016) . The triglyceride concentration on the milk was inversely associated with gain in weight and BMI from 3 to 12 months. Furthermore, the protein percentage was positively associated with BMI at age 12 months. Although the triglyceride intake measured in this study was not necessarily representative of total fat intake, it is interesting to note the parallel between these findings and those on complementary feeding discussed above. In both cases, fat intake is not associated with later obesity or perhaps inversely associated whereas protein intake is positively associated with the risk of later obesity.
| Sugar intake
Sugar provides "empty" calories without any nutrients. If the content is high in complementary foods, it will have a negative effect on the nutrient density of the diet. In the guiding principles from 2003, it is mentioned that sugar-containing drinks should be avoided in order not to displace nutrient-rich foods (Dewey, 2003) . However, there is emerging evidence that intake of sugar-sweetened beverages is also associated with an increased risk of obesity in children (de Ruyter, Olthof, Seidell, & Katan, 2012) . Furthermore, two recent observational studies from high-income countries found that intake of sugar-containing beverages during the complementary feeding period was associated with an increased risk of obesity at 6 years (Leermakers, Felix, Jaddoe, Raat, & Franco, 2015; Pan et al., 2014) .
Commercially produced snack foods not aimed at the complementary feeding period typically have a high-sugar content. The intake of commercially produced snacks, such as cookies, savory snacks, cakes, and sweets among 6-24 months old children has been examined in studies in Nepal, Tanzania, and Cambodia. The day before an interview, 74%, 23%, and 55%, respectively, had eaten these snack foods (Pries et al., 2016a; Pries et al., 2016b; Vitta et al., 2016) . Thus, it is important to emphasize that sugar-containing beverage and snack foods with high-sugar content should be avoided. This was highlighted in the report from the Commission on Ending Childhood Obesity (World Health Organization, 2016) , where it is recommended to implement programs that reduce the intake of sugar-sweetened beverages.
| Specialized fortified products
Infants and young children have a very high requirement for nutrients, and the need for some nutrients cannot be met if the intake of nutrient rich foods, especially meat and fish, is low. The need for iron and zinc is often difficult to cover. Dewey and Vitta have calculated that a breastfed infant 6-8 months old needs complementary foods with more than eight times as much iron and four times as much zinc per 100 kcal food, as an adult male . Therefore, in contexts where nutrient-rich foods are limited or not available or during lean seasons, use of specialized fortified products, such as fortified blended foods, micronutrient powders, or small quantity lipid based nutrients supplements, may be needed.
| EMERGING RESEARCH AREAS
There are many new promising research areas that are likely to provide us with a better understanding of how complementary feeding is influencing growth, development, and health, including risk of diseases in the short and long term. Some of these areas are mentioned briefly below. However, at present, the results from these research areas do not provide findings that are likely to change present guidelines on complementary feeding.
Several intervention studies with undernourished infants and young children in low-income countries providing high-quality foods during the complementary feeding period have only shown limited catch-up growth (Dewey & Adu-Afarwuah, 2008; Krebs et al., 2012) .
Other factors may influence growth such as infections and caregiver care. Optimal feeding depends not only on what and when a child is fed but also on how. Nonresponsive feeding can manifest as excessive caregiver control (forceful or restrictive feeding) or lack of maternal control (indulgent, uninvolved, or neglectful feeding), potentially negatively impacting the infants' internal hunger and satiety cues, self-regulation, and social and emotional developments. A systematic review on the effect of responsive feeding in reducing child undernutrition in lowand middle-income countries found that the evidence is promising, but weak, largely due to the dearth of studies isolating the effects of responsive feeding on child growth, dietary intake, and other feeding behaviours (Bentley, Wasser, & Creed-Kanashiro, 2011) . In high-income countries, nonresponsive feeding practices such as restriction of foods have been found to be associated with higher BMI and overweight in children (Hurley, Cross, & Hughes, 2011) . However, again, the evidence is weak, and more robust research, including longitudinal studies and randomized control trials isolating responsive feeding, are needed.
Children are particularly vulnerable to infections once they begin eating solid foods and transition from a breastmilk-only diet. Safe food preparation and hygienic practices are essential to reduce the risks of infections and diarrhea in particular. Poor hygiene and subsequent diarrhea may contribute to stunting through environmental enteric dysfunction (EED), mucosal and submucosal inflammations that reduce intestinal absorptive capacity and reduce barrier function (Crane, Jones, & Berkley, 2015; Prendergast & Kelly, 2016) . Although the role of nutrition and the exact causes of EED are not yet known, there is increased evidence that EED is common during the complementary feeding period (McKay, Gaudier, Campbell, Prentice, & Albers, 2010) .
It is discussed if deficiency of vitamin C and zinc has a role in development of EED, and intervention studies testing supplementation with n-3 fatty acids and alanyl-glutamine have shown some positive results (Crane et al., 2015) . Several trials are currently ongoing to investigate the effectiveness of different WASH interventions against EED and will help shed some light. Because of the role that infection plays in malnutrition, adequate water supply, sanitation, and hygiene can be as important as adequate quantity and quality of complementary foods in certain contexts (Humphrey, 2009 ).
More research is also needed on how complementary feeding affects body composition. A meta-analysis has shown that breastfed infants gain more fat than formula-fed infants during the first 6 months and more lean mass from 6 to 12 months compared to formula-fed infants (Gale et al., 2012) . Although lean mass is regarded as functional tissue contributing to physical activity and immune function, fat mass is a significant energy store that is important during periods with recurrent infections and suboptimal complementary feeding. The lean-fat ratio represents the balance between "completed growth"
and "investment potential" (Wells, 2009 ). Future observational and intervention studies on the effects of complementary feeding on growth and functional outcomes should include measurements of body composition to provide a better understanding on how complementary feeding influence body composition and how body composition is related to functional outcomes.
Recently, it was shown that, in addition to breastmilk, the composition of the diet during the complementary feeding period had an effect on the gastrointestinal microbiota. In a study of healthy well-nourished infants from a high-income country, gut microbial composition and alpha diversity were strongly affected by not only breastfeeding but also introduction of family foods with high protein and fiber contents (Laursen et al., 2016) . A recent study with children from Bangladesh and Malawi showed that linear growth faltering was associated with a change in the gut microbiota and the presence of the bacterial genus Acidaminicoccus (Gough et al., 2015) . Although the diet during the 6-24 months period may have an effect on the gastrointestinal microbiome, more research is needed to know to what degree such an effect could be beneficial for the infant's growth and nutrition.
| CONCLUSION
As outlined in this short commentary, there are several emerging issues within complementary feeding that will be relevant to address when the guidelines for complementary feeding will be updated. Among these are protein quality and source, animal versus plant source foods, the use of alternative and underutilized animal source foods, and how a high-protein intake during the complementary feeding period, especially dairy protein, seems to increase the risk of later obesity. Fat quality, especially an optimal balance between n-3 and n-6 LCPUFA, is also important for cognitive development and the immune system.
With the increasing understanding of how complementary feeding can influence growth, development, and short-and long-term health, it is important to carefully examine the need to update the guidelines to provide optimal nutrition during the 6-24 months period. With the increasing prevalence of obesity globally, it is important that guidelines on complementary feeding address both prevention of undernutrition and prevention of overweight, obesity, and noncommunicable diseases later in life.
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